convergence. Thus, after allowing for structural breaks evidence in favour of convergence, in terms of real per capita GDP, is found both using unit root and cointegration tests. Empirical evidence shows that economic convergence has changed along time with mixed effects, although changes were toward convergence in majority of cases, consistent with stochastic convergence.
, in regions of China; SOLANKO, 2003, in Russia, and MADARIAGA et al., 2004, in Argentina; among others. The aim of this paper is to contribute to the empirical evidence through the analysis of the Mexican regions over a long time period.
There are some previous contributions in the literature that address the case of Mexico, most of them following the approach of beta and sigma convergence -see, for instance, JUAN-RAMÓN and RIVERA-BÁTIZ, 1996; ESQUIVEL, 1999, and CERMEÑO, 2001 . These papers conclude that the regional differences have been tinged by two radically different tendencies: a first lapse of time where there has been a convergent process up to 1980, followed by a recent period where the convergence process has been either stopped or reversed (divergence). The methodological framework adopted in this paper increases the evidence on convergence analysis for the Mexican case by means of the stochastic convergence approach in CARLINO and MILLS, 1993, and BERNARD and DURLAUF, 1995 , using time series on regional product that covers from 1940 to 2001. To the best of our knowledge, this is the first paper that analyses the convergence hypothesis using the definition of stochastic convergence for the Mexican regions. This approach has the advantage that it allows us identifying not only the existence of a convergence process amongst the investigated series, but also which regions are converging and which are not. This is essential to the examination of the regional differences of a country that has experienced important economic events (debt crisis, devaluations or increase of openness) that have affected the development of the regions in different ways. Furthermore, the use of time series approach allows tailoring the analysis of convergence to each individual.
Standard techniques that have been applied when testing for the presence of unit roots and cointegration indicate the lack of convergence. This result was to be expected, since the period of analysis has been characterized by diverse events that affected economic activity, such as economic crises and reforms. In order to take into account all these features, our analysis considers the presence of these exceptional events, treating them as structural changes. After controlling for the presence of structural breaks evidence in favour of stochastic convergence increases, although some states still show divergence.
The paper is structured as follows. In section 2 we discuss the aspects related to Mexican regional system and the data that is used. Section 3 describes the theoretical model and the different techniques for proving convergence. Section 4 is devoted to the analysis of stochastic convergence with and without structural breaks. Finally, section 5 concludes.
MEXICAN REGIONAL SYSTEM AND DATA
The main political-administrative division of Mexico establishes two basic territorial dimensions defined by 32 states (or federative entities) and 2,446 municipalities. Given the available statistical information, in this paper we focus on federative entities. This paper uses the data set on per capita GDP for 32 Mexican federal entities over the period 1940 provided in GERMAN-SOTO, 2005 . It is worth noting that due to the lack of regional GDP deflators, the data were transformed in real terms using the implicit deflator of the national GDP, although the use of a common deflator serves no purpose in this case since we are considering relative per capita incomes. This approach has also been followed in CARLINO and MILLS, 1993; EVANS and KARRAS, 1996; LOEWY and PAPELL, 1996, and TSIONAS, 2001 , among others, when analysing the U.S. regions. Therefore, the logarithm of annual data on per capita income for the 32 Mexican regions during the period 1940-2001 is used in this study.
Before presenting the methodology and the results of the analysis, we think that some details about economic performance of Mexican region might help to get better understanding of our analysis. Almost from any point of view, the most outstanding feature is the inequity among the federative entities: levels of economic, political and social development show huge variance.
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STOCHASTIC CONVERGENCE HYPOTHESIS
The convergence methodology that is explored in this paper is the one developed in CARLINO and MILLS, 1993; BERNARD and DURLAUF, 1995, and EVANS and KARRAS, 1996; i.e In this framework, convergence is said to be absolute if, and only if, the unconditional mean δ i = 0 in (3), while convergence is said to be conditional when δ i ≠ 0 in (3). In order to capture deviations CARLINO and MILLS, 1993 , the specification given by (4) is a dynamic version of the Baumol hypothesis. Thus, β-convergence requires that if a region is initially above its compensating differential (µ i ), it should grow more slowly than the nation, which implies β i < 0 in (4). On the other hand, if the region is initially below its compensating differential, then β i > 0 in (4). This allows us to investigate the rate at which the different states are converging by studying heterogeneous behaviour. The lack of conditional or absolute convergence as defined above does not prevent both the regional and national output being related, but with cointegration vector other than (1, -1). Thus, these time series may follow each other in the long-run, which will imply examining common trends in output. This involves conducting a cointegration analysis between y i,t and t y , estimating the cointegrating vector that relates both variables. This feature is also investigated in this paper.
Instead of defining t y as the average or regional per capita GDP, in this paper we follow CARLINO and MILLS, 1993 , and specify the national per capita GDP as numeraire. It should be highlighted that our analysis is conditional to the selection of this numeraire, since in this case we investigate whether or not regions converge to the national per capita GDP. We could select another numeraire to capture the fundamental trend -for instance, the average of regional per capita GDP or the per capita GDP of the leading region-but the analysis would still be conditioned by this selection. However, the presence of a linear time trend in (4) robustifies our analysis to numeraire selection. Since the interest of our approach is the analysis of whether shocks have permanent or transitory effect on deviations from the national per capita GDP, the specification of a time trend will allow controlling systematic deviations from the trend defined by the numeraire.
The presence of unattended structural breaks can bias the integration and cointegration analysis towards non-stationarity. In this regard, we investigate the sensitivity of the conclusions that are obtained using the standard unit root and cointegration techniques allowing for structural breaks.
Our approach generalizes the proposal in CARLINO and MILLS, 1993, and LOEWY and PAPELL, 1996 , for regions of the U.S. since, first, we apply unit root tests that account for up to two structural breaks and, second, we conduct the cointegration analysis allowing for one structural break. The use of these alternative approaches will allow us to assess if the rate at which states converge has changed during the analyzed period.
STOCHASTIC CONVERGENCE ANALYSIS
Before presenting the results of the integration and cointegration analyses with structural breaks, we should mention that, as the first stage, we conducted the study without allowing for structural breaks. In brief, investigation of stochastic convergence without structural breaks relied on the use the so-called M unit root tests proposed in NG and PERRON, 2001 . Results available upon request, revealed that there was mild evidence of convergence, since the null hypothesis of unit root was not rejected in most cases -we essayed two deterministic specifications, i.e. the constant and time trend specifications. Cointegration analysis did not significantly increase the evidence of long-run relationship between y i,t and t y .
Visual inspection of relative per capita incomes indicates that the presence of structural changes might be affecting the behaviour of the time series, which would bias the stochastic convergence analysis that has been carried out. Misspecification errors due to the failure to take into account the presence of structural breaks can bias both the unit root and cointegration tests towards the null hypothesis of non-stationarity -see PERRON, 1989, and GREGORY and HANSEN, 1996 . Visual inspection of the relative per capita income indicates that there might be some infrequent features that affect the pattern of the time series over a period of time, so that structural breaks should be considered when conducting the integration and cointegration analyses. Thus, the stationary equilibrium might be undergoing a slow transition between steady states, movements probably due, in turn, to changes in the fundamentals of the economies. This situation is reinforced by the conclusions reached in previous studies. In particular, MESSMACHER, 2000, and CHIQUIAR, 2005 , have suggested that the recent structural reforms have led to an increase in the regional inequality in Mexico. 3 One of these effects has been the fast growth in the manufacturing sector, in connection with other components of the GDP, and therefore the biggest growth in the states for which manufacturing sector representing a high proportion of the state product. Thus, the regional economic disparities have experienced a slow and discontinuous convergence process, with little evidence with regards to trade integration-regional divergence connection. In order to account for these features, we have considered a second approach of stochastic convergence with structural changes. This is found out in the next section.
UNIT ROOT TESTS WITH STRUCTURAL BREAKS
In this section we have computed a group of ADF-type unit root tests allowing for structural breaks.
These tests can be specified using a general regression equation: Let us first deal with the situation in which there is only one structural break. One of the most often used and popular unit root test statistics that takes into account the presence of a structural break is the one proposed by PERRON and VOGELSANG, 1992; ZIVOT and ANDREWS, 1992 , and PERRON, 1997 . 4 LUMSDAINE and PAPELL, 1997 , and CARRION-I-SILVESTRE, et al., 2004 extend the analysis in ZIVOT and ANDREWS, 1992, to account for two structural breaks.
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Throughout this section, the order of the autoregressive correction in (5) has been chosen with the tsig criterion in NG and PERRON, 1995, with k max = 8 maximum lags.
Since for some regions the null hypothesis of unit root is rejected for all different specifications that have been essayed, we have decided to follow MONTAÑÉS et al., 2005 , and select the type of the break, i.e. the Models An, A, C, AAn, AA or CC, using the BIC information criterion -similar results were obtained using the AIC information criterion, which are available upon request. Table 2 reports the results for those states for which the null hypothesis of unit root is rejected -second column in Table 2 indicates the model to which results are referred. For four states we have found evidence against the null hypothesis of unit root when one structural break is included, while for twenty states the best specification suggested by the BIC information criterion is the one with two structural breaks. Eleven of the detected break points are located around the crises of 1976, 1982 and 1994/1995, while three structural breaks are estimated in the age of the Mexican oil boom.
Meanwhile, dates selected between 1950 and 1960 correspond to a stage of quick reduction of the per capita income differences that has been broadly documented by VILLARREAL, 1988, among others. These break points evidence this period of high growth, in which Mexican economy passed of being eminently rural to an urban and industrial economy. Veracruz shows that these positive deviations tend to disappear.
To sum up, the analysis that has been carried out shows that in 24 states the null hypothesis of unit root is rejected in favour of the stationary alternative when structural breaks are accounted for.
Global result from equation (5) suggests that the effects of the structural changes in the most recent stage of the country were not uniform across regions. The initially richer states of the North and Center seem to have improved their relative position after structural change, while Southern states do hardly improve their performance in terms of growth. Regional dynamics of the relative income differences is presented in Figure 3 . Darkened colours indicate regions that benefited most after structural changes, while clearest colours -except completely white ones, which there is not convergence-suggest a worsening.
-Insert Figure 3 about hereGroups 1 and 2 in Figure 3 participate from a convergence process when being approached to the average national income -group 1 is defined by those states which initial level of per capita income was above the national one, while group 2 is for those where the initial level of per capita income was below the national real per capita output. On the other hand, groups 3 and 4 correspond to (6) to (8) is assessed using the ADF-type equation, from which the parametric (ADF) and non-parametric (Z t ) statistics can be computed -see GREGORY and HANSEN, 1996 . Table 3 presents the states for which the null hypothesis of non-cointegration is rejected using one of the specifications. Following BERENGUER-RICO and CARRION-I-SILVESTRE, 2005, selection amongst Models L, T and S is based on the BIC information criterion -second column in Table 3 indicates the selected specification. The results presented in Table 3 show that in 18 states the presence of the regime shift is significant with at least one of the three specified models using either the ADF or Z t statistics -the estimated break points are reported in parenthesis. These results are in sharp contrast with the ones that do not allow for regime shifts, for which evidence of cointegration was found only for three cases. This indicates that previous inference on cointegration was not correct since the model was misspecified. Thus, the inclusion of a structural break in the model seems to be necessary to understand the stochastic convergence process that has exhibited the Mexican regions. Although not comparable with results of the unit root tests, we observe that for eight states -Campeche, Colima, Chiapas, Distrito Federal, Nayarit, Puebla, Quintana Roo and Tabasco-the estimated break points are close to the ones obtained using unit root statistics.
Moreover, in four cases -Chihuahua, Guerrero, Hidalgo and Sinaloa-we find evidence in favour of the presence of a broken common trend between per capita GDP of these states and the national one, where unit root tests with structural breaks were unable to reject the null hypothesis. In all, these results reinforce evidence of convergence that has been obtained in the previous section.
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CONCLUSIONS
This paper uses the time series approach to examine whether the pattern of relative regional per capita incomes in Mexico over the past sixty years is consistent with the convergence hypothesis.
Conclusions depend on the specification of the deterministic component that is used. Generally speaking, we are generally unable to find evidence in favour of convergence in the majority of states using standard unit root and cointegration statistics. However, this evidence is reversed in most of cases when the presence of structural breaks is accounted for.
The paper has analysed the non-stationarity of relative per capita incomes allowing for up to two structural breaks, concluding that either the unit root or non-cointegration can be rejected in most of cases. However, this finding is not always consistent with convergence towards real per capita national GDP. Thus, although evidence against unit root tests has been found for some states, the estimation of the deterministic component reveals that they do not share the common trend defined by the national mean. In these states recurrent shocks that affect their economies are transitory, but they evolve according a different time trend than the one given by the national mean. The results of the analysis have, however, real important implications. For example, in order to achieve greater territorial cohesion and to reduce the gap with North states -increasingly integrated with the U.S. economy-greater efforts for the policy-makers to promote economic development -in the South of Mexico, mainly-may be needed. Evolution of economic factors -such as the composition of physical and human capital, differences in investment and education and migratory processes, among others-that might be limiting convergence and slowing down the process of reduction of disparities between the states also deserves to be investigated in greater depth because of findings suggest that trade reforms have not reduced the heterogeneity across states. Instead, trade liberalization have accentuated them when favoring those states initially endowed with, or able to attract, higher levels of human and physical capital and better infrastructure. This is left for further research. 70 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 Year Coefficient of variation (-5.190 ) T b,1 * and T b,2 * denote the estimated break points, t-values in parentheses. Supscripts a, b and c stand for rejection of the null hypothesis of unit root at the 1, 5 and 10% level of significance, respectively. AZZONI, 2001; CÁRDENAS and PONTÓN, 1995; and PERSSON, 1997; for Brazil, Colombia and Sweden, respectively. 2 See, for instance, JUAN-RAMON and RIVERA-BATIZ, 1996; ESQUIVEL, 1999; MESSMACHER, 2000, and CERMEÑO, 2001. 3 Some reforms that suppose structural changes are the admission of Mexico to the General Agreement of Tariffs and Trade (GATT) in 1986, the North American Free Trade Agreement (NAFTA) started operating in 1994; moreover economic crises in 1976, 1982 and 1994-95 could have affect the trajectory of the product series. 4 The specification for non-trending variables is denoted as Model An, while the three specifications for trending variables are known as Models A, B and C, depending on whether the break affects the level, the slope or both, respectively. 5 The specification for non-trending variables that allows for two level shifts is denoted as Model AAn, while for trending variables the Models AA, AC-CA and CC, account for two structural breaks that only affect the level (Model AA), two level shifts but just one slope shift (Model AC-CA), and two shifts both the level and the slope (Model CC). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
